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Quantizer for a sigma delta modulator, and sigma delta 
modulator 

The invention relates to quantizers for a sigma delta 
modulator having at least one input stage, where the 
quantizer quantizes an input signal, which is present at 
its input stage, in accordance with at least one 
threshold signal, and outputs it as a result value to a 
digital result output, and to a sigma delta modulator 
having such a quantizer. 

In recent years, sigma delta (SA) modulation has gained 
increasing importance in the field of analog/digital 
(A/D) and digital/analog (D/A) conversion. This is mainly 
attributable to the low demands made on the analog 
components of ZA converters. Digital circuits are 
currently gaining more and more in importance in signal 
processing. To be able to convert signals from the analog 
environment and then to be able to process them 
digitally, A/D converters are necessary. It is desirable 
to integrate converter and the remaining digital circuit 
on a single chip. Since in most cases the digital part 
dominates the chip area, this also determines the circuit 
technology. Digital process technologies, however, make 
it more difficult to produce precise analog integrated 
circuit components which require very high accuracies and 
small production tolerances. This is where the simplicity 
and robustness of analog components of the sigma delta 
modulators becomes effective as a result of which sigma 
delta converters are predestined for implementations in, 
for example, digital VLSI technology. 

A further advantage of the sigma delta modulators lies in 
the fact that they need less current than conventional 
A/D converters which also qualifies them in the important 
area of portable receivers. Similarly, they are 



distinguished by a greater signal bandwidth which makes 
them interesting for applications in xDSL transceiver 
technology. 

The problem with sigma delta modulators is that, 
especially towards higher frequencies to be converted, 
excess loop delays in the individual components produce 
errors which restricts their application towards high 
frequencies (>1 GHz) . The problems of excess loop delays 
are also discussed in: J. A. Cherry, W. M. Snelgrove, 
"Continuous-Time Delta-Sigma Modulator for High Speed A/D 
Conversion", Kluwer Academic Publishers 2000, pages 75- 
103 . 

A known way of compensating for these errors induced by 
delay differences is the approach known from P. Benabes, 
M. Keramat, R. Kielbasa, "A methodology for designing 
continuous -time sigma-delta modulators", IEEE European 
Design and Test Conference 1997, pages 45-50, of 
introducing an additional feedback loop (inner loop) 
which is formed by an additional adder between the 
quantizer and the last integrator preceding it. 

In Figure 1, such a continuous -time second order sigma 
delta modulator with two input stages V x and V 2 and with 
correction means b3 and 110 is shown. The signal x to be 
converted, which is present at the input IN is supplied 
to the quantizer 12 at its input E Q by two integrators 14 x 
and 14 2 which are in each case preceded by an adder 13i 
and 13 2 , respectively, where the feedback signal is 
coupled in. Before that, however, the signal to be 
quantized, again provided with the feedback signal via 
the adder 110 additionally arranged in the signal path, 
is also combined with the factor predetermined by b 3 . 
This takes into consideration and compensates for the 
influence of the delay in the individual components. The 
further design can be found in J. A. Cherry, 
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W. M. Snelgrove, "Continuous -Time Delta- Sigma Modulator 
for High Speed A/D Conversion", Kluwer Academic 
Publishers 2000, pages 75-103. 

5 The disadvantageous factor in this arrangement is, 
however, that a highly accurate active component 
(additional adder) must be provided in the signal path, 
with the associated difficulties with respect to 
production methods and steps, layout design and rejects 
10 during the production. It is also disadvantageous that, 
as a result, the current consumption is considerably 
increased which restricts its applications especially in 
the case of portable applications which must save 
current . 

15 

It is, therefore, the object of the invention to provide 
a quantizer for a sigma delta modulator and a sigma delta 
modulator having such a quantizer in which the delays are 
compensated for by the individual components but no 
2 0 additional component is provided in the signal path. 

This object is achieved by a quantizer having the 
features of Claim 1 or of Claim 13, and by a sigma delta 
modulator having the features of Claim 24. 

25 

According to the invention, it is provided that the 
quantizer contains at least one quantizing cell according 
to the number of its resolution levels, each quantization 
cell exhibiting an input voltage/current converter which 

30 converts the input signal to be quantized into a 
corresponding input current at its output, that the at 
least one quantization cell is associated with a static 
threshold current source which supplies a static 
proportion of the threshold signal in the form of a 

35 static threshold current, that a dynamic feedback current 
source is provided which generates a feedback current 
derived from the digital result value, which feedback 



current is added to the static threshold current in a 
current node, that the threshold current composed of the 
static threshold current and the feedback current is 
added to the input current in the current node, that a 
comparison unit is provided which decides whether the 
accurate current present at the current node is not equal 
to zero and supplies a digital result accordingly. 

The invention proposes to design the complete 
architecture of the quantizer for weighting currents. 
This has a tremendous advantage, in particular, if the 
digital/analog converter provided in any case for the 
feedback signal, of a signal delta modulator operates 
with current weightings ("current steering DAC"). For 
this purpose, the input signal, the information of which 
is contained in its signal voltage, is converted into a 
signal current. This current is added to a dynamic 
reference current which is composed of the static 
threshold current and the feedback current derived from 
the digital result value. The only decision to be made 
then is whether the sum of the currents is greater than 
zero or not . 

According to the invention, the summing node is provided 
close to the input of the comparison unit without any 
further analog chip preceding it in the signal path. In 
addition, the layout of an integrated circuit forming 
such a quantizer is simplified. The processing speed of 
the dynamic current source for the reference current can 
be lower than that of the input voltage/current converter 
since the signal to be weighted does not pass through it. 
This leads to advantageous current consumption savings. 
As a result, the total current consumption of the system 
is reduced by such an amount that it becomes usable for 
portable, battery-operated applications without problems. 
In addition, the processing speed is increased which 
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opens up uses, particularly, in applications in xDSL 
technology. 

A preferred embodiment of the invention provides that, 
5 for obtaining the analog feedback current derived from 
the digital result value, a digital/analog converter is 
provided which supplies a voltage signal corresponding to 
the result value for deriving the feedback current. 

10 The digital/analog converter is advantageously 
constructed in such a manner that it supplies the 
feedback current directly as analog output signal. 

An embodiment of the invention provides that the input 
15 voltage/current converter is a transistor driven at a 
base input by means of the input signal. 

To each quantizing cell, a threshold signal is 
advantageously allocated which differs from the threshold 
20 signals of other quantizing cells. 

The threshold signals advantageously exhibit fixed mutual 
differences . 

25 Advantageously, an amplifying stage is provided which 
amplifies the current at the current node before it is 
weighted by the comparison unit. 



30 



The comparison is advantageously provided as a latch. 

According to an embodiment of the invention, it is 
accordingly provided that the latch exhibits a comparator 
and a sample-and-hold device. 

3 5 A preferred embodiment of the invention provides that the 
quantizer is symmetrically designed with a positive and a 
negative signal path and, correspondingly, with a 
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positive signal input for a positive input signal and 
with a negative signal input for a negative input signal. 

Accordingly, a further embodiment of the invention 
5 provides that a degeneration resistor is provided between 
the positive and the negative signal paths. 

Advantageously, a dynamic feedback current is provided 
for all quantizing cells. 

10 

To each quantizing cell, a separate static threshold 
current source is advantageously allocated. 

According to a further aspect of the invention, it is 
provided that the quantizer is distinguished by the fact 
that the quantizer contains at least one quantizing cell 
in accordance with the number of its resolution levels, 
each quantizing cell exhibiting a voltage comparator 
which compares the input signal voltage with the 
threshold signal voltage and, if the input signal exceeds 
or drops below the threshold signal, outputs a 
corresponding digital result bit (0/1) , a digital adder 
being provided which adds the digital result value of the 
last assessment of the comparators of the quantizer to 
the threshold signal voltages by incrementing or 
decrementing the threshold signal voltages by steps 
corresponding to the digital result value. 

The adder is advantageously associated with a switching 
3 0 mechanism which exhibits switches at the input of which 
the part -voltages of the reference voltage generator are 
present and the outputs of which are connected to the 
inputs for the threshold signal voltages of the 
comparators, the switches being controlled by the output 
3 5 signal of the adder. 
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The reference voltage generator preferably generates the 
part voltages which can be applied for weighting the 
input signal by means of switches in accordance with the 
digital result value and/or the desired threshold signal 
voltage at the respective comparator. 

According to an advantageous embodiment, the quantizer is 
symmetrically equipped with a positive and a negative 
signal path and correspondingly with a positive signal 
input for a positive input signal and with a negative 
signal input for a negative input signal. 

A reference voltage generator is preferably provided 
which generates the threshold signal voltages, which are 
different for each voltage comparator, the threshold 
signal voltages being selectable in part voltages. 

The comparators are advantageously formed by continuous - 
time voltage comparators. 

A latch is preferably provided which stores the results 
supplied by the comparators. 

The invention also relates to a sigma delta modulator 
having at least one input stage and having a quantizer 
which is constructed in accordance with one of the 
aforementioned variants. 

Further advantages, special features and suitable 
developments of the invention can be obtained from the 
further subclaims or their subcombinations. 

In the text which follows, the invention is explained in 
greater detail with reference to the drawing, in which: 



Figure 1 shows a continuous- time sigma delta modulator 
according to the prior art, 
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Figure 2 shows a first embodiment of the sigma delta 
modulator according to the invention with a 
quantizer according to the invention in 
current mode, 
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15 



20 



Figure 3 



Figure 4 



Figure 5 



Figure 5a 



shows a schematic block diagram of a 
quantizing cell according to a first 
embodiment of the invention, 

shows an actual implementation of a quantizing 
cell from Figure 3, 

shows a basic circuit diagram of a 
conventional quantizer operating in accordance 
with the principle of voltage comparison, 

shows a second embodiment of the sigma delta 
modulator according to the invention with a 
quantizer according to the invention in 
voltage mode, 
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35 



Figure 6 



Figure 7 



Figure 8 



Figure 9 



shows a schematic block diagram of 
quantizer in voltage mode, 



the 



shows an actual embodiment of the quantizer 
according to the invention with a chain of 
resistors for generating the individual 
voltages and a switching value controlled by 
an adder, 

shows an actual embodiment of the switching 
mechanism which switches the part reference 
voltages to the inputs of the comparators, 

shows a table which shows actual voltage 
values according to an example, and 
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Figure 10 shows a preferred embodiment of a comparator 
according to the invention. 

5 In the figures, identical reference symbols designate 
identical or identically operating elements. 

The novel principle is the summation of the feedback 
signal with the threshold signals of the comparators. 

10 

Figures 2 to 4 show a quantizer according to a first 
embodiment of the invention. 

Figure 2 shows the basic circuit diagram of a sigma delta 
15 modulator 10 according to the invention with a quantizer 
1 according to the current summation principle and two 
input stages 2, the quantizer 1 quantizing the input 
signal 21 present at its input stage and outputting it as 
a result value 22 at a digital result output 23. 

20 

A digital/analog converter 3 is provided for obtaining 
the analog feedback signal, derived from the digital 
result value 22, for the sigma delta modulator. 

25 The delay of 1/2 clock cycles by the delay element 4, 
provided for compensation, is only shown by way of 
example here and can vary in practice depending on the 
construction of the quantizer and its external circuitry. 
Such a delay element can be of use if the circuitry 

30 produces delay differences with different input signals 
and thus different results of the quantization. The delay 
element, which is coupled to the clock, then equalizes 
such delay differences. The actual embodiment of the 
circuit of the quantizer is accordingly adapted to the 

35 propagation delay. The matching element 3a which applies 
the factor b3 to the analog signal is also constructed 
accordingly, see also: J. A. Cherry, W. M. Snelgrove, 



"Continuous -Time Delta-Sigma Modulator for High Speed A/D 
Conversion", Kluwer Academic Publishers 2000, pages 75- 
103 . 

The decisive advantage of the invention lies in the fact 
that the comparison 

Vim > ( Vthi + b 3 *V dac ) 

is performed and weighted by the individual stages (i) of 
the quantizer and no longer, as previously in the prior 
art , 

( V IN - b 3 *V dac ) > Vthi 

which necessitates an active summation element in the 
signal path before the quantizer. Wherein V IN : input 
signal, b 3 : matching factor (for example 1/2), V dac : 
output value of the digital/analog converter. 

In the invention, matching to the previous result value 
is repeated dynamically with each weighting. This 
provides for highly accurate digitization at a very high 
sampling rate. 

Figure 3 diagrammatical ly shows a quantization cell 40 
which exists in accordance with a number of resolution 
levels of the quantizer 1. Each quantization cell 40 has 
an input voltage/current converter 41 which converts the 
input signal 21 to be quantized into a corresponding 
input current 42 at its output 43. 

The signal 42 thus obtained is added to the feedback 
current 45 in a current node 46. For this purpose, the 
feedback current 45 is generated by a dynamic feedback 
current source 44 in accordance with the digital result 
value 22 . 



The summed signal is also prepared for a latch 47 
containing the comparison unit by a preamplifier 48. The 
latch additionally also contains a sample-and-hold stage 
so that the result bits can be correctly processed 
further . 

Figure 4 shows a preferred embodiment of the quantizer 
with a linear current/voltage converter 44a and 44b and a 
conventional gm stage. 

The quantizer 1 is symmetrically provided with a positive 
and a negative signal path and correspondingly with a 
positive signal input 21a for a positive input signal and 
with a negative signal input 21b for a negative input 
signal. The two signal paths are connected to one another 
by means of a degeneration resistor 5 connected between 
the positive and the negative signal paths. Accordingly, 
the feedback current sources 44a and 44b, the input 
voltage/current converters 41a and 41b, the current nodes 
46a and 46b and the threshold current threshold source 
49a and 49b are constructed in duplicate. 

The arrangement provides the following transconductance 
Gm: 



Gm 



= (gm/2 * 1/Rdeg) / (gm/2 + 1/Rdeg) 



where gm is the transconductance of the transistors 411a 
and 411b and Rdeg is the resistance value of the 
degeneration resistor 5. 

The quantization cell 40 is associated with a static 
threshold current source 4 9a, 4 9b, again constructed in 
duplicate, which supplies the threshold signal 
corresponding to level (i) of the quantizer in the form 
of a threshold current Iref, the threshold current being 
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added to the input current derived from INP and INN and 
to the feedback current Idac in the current nodes 4 6a and 
46b. 

5 The input voltage/current converter (41a and 41b) is in 
each case constructed by a transistor (411a and 411b) 
which is driven by means of the input signal at its base 
input . 



10 The amplifying stage 48 is provided in order to amplify 
the signal of the current at the current nodes 46a, 46b 
before it is weighted by the comparison unit. The 
comparison unit 4 7 decides whether the amplified 
aggregate current is not equal to zero and supplies a 

15 digital result accordingly. 

With respect to the principle of comparing voltages 
instead of comparing currents, quantizers according to 
the configuration shown in Figure 5 are known. 

20 

In this arrangement, a part reference voltage having 
uniform differences with respect to one another is 
generated by means of resistors 92 arranged in a chain of 
resistors 91 from a voltage formed between +Vref and - 
25 Vref, which form the threshold signal voltage 63i of the 
individual quantization cells 40. 

In the example shown, the seven static threshold voltages 
of the comparators with respect to Vref are: 



30 



+6/7, +4/7, +2/7, 0, -2/7, -4/7, -6/7 



35 



which are supplied to the individual quantization cells 
40 which then in each case compare this part reference 
voltage Vthi with the input signal. 



The part reference voltages are fixed which is why the 
input signal V IN must be matched to the result V dac for 
feedback purposes. Thus, the comparison 

( V IN - b 3 *V dac ) > Vthi 

is again made which again necessitates an active 
summation element in the signal path before the 
quantizer, with the aforementioned disadvantages. Wherein 
V IN : input signal, b 3 : matching factor (for example 1/2), 
V dac : output value of the digital/analog converter. 

Figures 5a to 10 show a quantizer 1 according to a 
further embodiment of the invention in which, however, a 
quantizer is distinguished by voltage summation. 

Figure 5a shows the rough basic configuration of the 
sigma delta modulator 10 with two input stages 2 . Since 
in this case, however, voltages are processed and not 
currents as in the first embodiment of the invention, the 
analog/digital converter 3 is no longer needed in the 
signal path between output 23 - with the result 22 
present - and the quantizer 1. 

Compared with the prior art, the advantages again achieve 
that an additional element in the signal path before the 
input of the quantizer can be omitted. In the 
quantization cells, the comparison 

V IN >( Vthi + b 3 *V dac ) 

is again made by the individual stages (i) of the 
quantizer and the result is weighted. Wherein V IN : input 
signal, b 3 : matching factor (for example 1/2), V dac : 
result value of the previous weighting. 
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Figure 6 shows an implementation of a quantizer 1 in 
which the addition of the feedback value (IN_DAC<0 : 6>) is 
already made in the purely digital domain. This does not 
require a digital/analog converter. The part reference 
5 voltages are again generated, for example, by a chain of 
resistors . 

A digital adder 66 is provided which adds the digital 
result value 22 ( IN_DAC<0 : 6>) of the last weighting of 
10 the comparators 61 of the quantizer 1 to the threshold 
signal voltages by incrementing or decrementing the 
threshold signal voltages 63i by steps corresponding to 
the digital result value. For this purpose, switches 67 
are correspondingly opened or closed. 

15 

The matching to the delay differences by the factor b 3 
can be done in the adder 66 itself which, according to 
the result of the addition with feedback value 
IN_DAC<0:6> (result of the previous weighting of the 
20 quantizer) , switches the corresponding threshold voltages 
by means of the switches 67 to the individual inputs Vthi 
of the quantizing cells 40 which then perform the 
weighting with the input signal IN with respect to the 
respective result bit Qi . 

25 

The quantizer 1 has a number of quantizing cells 40 
corresponding to the number of its resolution levels. 

Each quantizing cell 40 exhibits a voltage comparator 61 
3 0 which compares the input signal voltage 62 with its 
threshold signal voltage 63i and, if the input signal 
exceeds or drops below the threshold signal, outputs a 
corresponding digital result bit (0/1) (Qi) . 

35 To generate the different threshold signal voltages 63±, 
a reference voltage generator 65 is provided which 
supplies each voltage comparator 61 with its own 



- 15 - 

threshold signal voltage 63i in accordance with the 
output data Add<0:6> of the adder 66 with the switches 
67. The differences of the individual threshold signal 
voltage 63i remain the same but the voltage level of each 
5 threshold signal voltage 63i is increased or decreased in 
accordance with the result IN_DAC<0:6> of the previous 
weighting of the quantizer in accordance with the result 
Add<0:6> of the adder 66. 

10 Thus, according to the result of the summation, part 
voltages 1/14 * Vref, 2/14 * Vref, . .., are added to the 
threshold voltage V t h by opening and closing switches and 
are connected to the comparators 61. In the example shown 
and in the text which follows, a 3 -bit quantizer with 

15 seven steps is shown in which b 3 = 1/2 has been selected 
(see also the following figures) . Other values and 
resolutions can also be implemented here. 

Therefore, the seven threshold voltages of the 
20 comparators are with respect to Vref no longer fixed to 
the basic voltages (with respect to Vref) 

+12/14, +8/14, +4/14, 0, -4/14, -8/14, -12/14 

25 one of the following values is added with each clock 
cycle in accordance with the actual and instantaneous 
value of the result value by the digital adder 66 to all 
threshold voltages: 

30 +7/14, +5/14, +3/14, +1/14, -1/14, -3/14, -5/14, -7/14 

the resultant seven signals are compared by the 

comparators with the current input signal of the 

quantizer which is to be weighted, which generates the 
35 next digital result . 



1 
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The arrangement of the comparators and the comparators 
themselves can also be designed symmetrically with a 
positive and a negative signal path. 

5 Figure 7 shows a symmetric example of a quantizer 1 with 
a positive and a negative input (not shown) . The 
reference voltages (threshold signals 25) are generated 
by a chain of resistors 68 which are connected to the 
quantizing cells 40 at their inputs by the switches 67 in 
10 accordance with the result IN_DAC<0:6>. The quantizing 
cells 4 0 have a symmetric comparator 61 and a latch 
circuit 69. 

The reference voltage generator 65 in Figure 7 is formed 
15 by means of a chain of resistors 68 which divides the 
voltage between +Vref and -Vref into a large number of 
part threshold signal voltages which are applied at the 
respective comparator 61 for weighting the input signal 
in accordance with the digital result value and/or the 
20 desired threshold signal voltage by means of switches 67. 

The quantizer is again constructed symmetrically with a 
positive and a negative signal path and correspondingly 
with a positive signal input ( + ) for a positive input 
25 signal (INP) and with a negative signal input (-) for a 
negative input signal. 

Figure 8 shows in greater detail an exemplary embodiment 
of the circuit arrangement of a switching mechanism with 

30 the individual switches 67 for connecting the threshold 
voltages of the reference voltage generator to the 
reference voltage inputs Vthi of the comparators. 
Furthermore, for example, b 3 is selected as 1/2 (0.5) and 
the resolution is selected as three bits with seven 

35 threshold voltages. 
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In the tables shown in Figure 9, it is explained how the 
results IN_JDAC<0:6> of the previous weighting of the 
quantizer is combined with the switches 67 via the select 
lines selO to sel7 . 

5 

Figure 10 shows an example of the embodiment of the 
comparators 61 which are constructed as continuous- time 
voltage comparators according to the example shown. The 
diodes 101 and 102, respectively, are only provided as 
10 necessary load. 

The values at the outputs OUTP and OUTN are equal only 
when the currents through the diodes 101 and 102 are 
equal. This, in turn, is only the case if 

15 

INP + VthN = INN + VthP 

in all other cases, the currents through the diodes, and 
thus the values at the outputs OUTP and OUTN, are 
2 0 unequal. 

Although the quantizer 1 according to the invention in 
accordance with the voltage summation principle with 
corresponding quantization cells is somewhat slower 

2 5 compared with the principle of current summation 
presented first, it is more accurate since the resistors 
used for generating the reference voltages can be 
produced with high accuracy. Furthermore, the solution 
using resistors needs less space on an integrated 

30 semiconductor and, therefore, can be implemented with 
higher resolution on the same area. 
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List of reference designations 



10 Sigma delta modulator 

12 Quantizer 

5 13 i Adder 

14i Integrator 

110 Compensation adder 

IN Signal input 

OUT Result output 

10 x Signal to be converted 

Vi Input stage 

E Q Input signal 

1 Quantizer 
15 2 Input stage 

3 Digital/analog converter 

4 Delay element 

5 Degeneration resistor 

21 Input signal to be quantized 
20 21a Positive signal input 

21b Negative signal input 

2 5 Threshold signal 

23 Digital result output 

22 Digital result value 
25 40 Quantizing cell 

41, 41a, b Input voltage/current converter 

411a, b Transistor 

42 Input current 

4 3 Output 
3 0 44, 44a, b Feedback current source 

4 5 Feedback current 

46, 4 6a, b Current node 

47 Latch, comparison unit 

4 8 Amplifying stage 
3 5 49, 4 9a, b Threshold current source 

61 Voltage comparator 

62 Input signal voltage 
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Qi Result bit 

63i Threshold signal voltage 

65 Reference voltage generator 

66 Adder 
5 67 Switch 

68 Chain of resistors 

6 9 Latch 

Rdeg Resistance of the degeneration resistor 

10 91 Chain of resistors 

92 Resistor 



101, 102 Diodes 



